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Objective
The capacity of various volatile organic compounds
(VOC's) to form different amounts of ozone (O3) in the
atmosphere is referred to as reactivity. 

Recent California vehicle-exhaust emission regulations
include the use of reactivity to determine compliance
with the VOC portion of the regulations. California has
chosen the Carter maximum incremental reactivity (MIR)
factors to calculate the exhaust reactivity. Carter factors
have been computed for individual exhaust VOCs using 
a model of the ozone formation process.

The main objective of our study was to measure the reac-
tivity of a series of compounds representative of those
found in vehicle exhaust, and to compare the measure-
ments to the Carter MIR factors. To measure reactivity
we used a set of smog chambers with conditions approxi-
mating those used in the Carter MIR factor derivations.

Approach
A sketch of the GM chamber facility is shown in the first
figure. In a typical reactivity experiment, four identical
chambers were filled with a standard urban mixture con-
taining nine VOCs to represent polluted urban air (this
was called the "urban-surrogate" mixture) plus NOx; the
initial VOC/NOx ratio of the standard urban mixture was
five. Small amounts of a test compound were added to
three of the four chambers. The amount of NO oxidized
and ozone formed, which is referred to as the smog for-
mation, was monitored in each chamber during a 12-hour
irradiation. By comparing smog formation in the three
test chambers to that in the remaining chamber, which
contained only the standard urban mixture, the incre-
mental reactivity of the test compound was measured.
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Accomplishments
The results of a series of experiments to measure the re-
activities of 14 individual compounds, as well as the
nine-component "urban-surrogate" mixture, are compared
to the Carter MIR factors in the second figure. The 14
test compounds, which are representative of those found
in the exhaust from gasoline-fueled vehicles, covered a
wide range of reactivities and atmospheric oxidation
mechanisms. For example, methane has a low reactivity
and a simple oxidation mechanism, formaldehyde has a
very high reactivity due to its photodissociation to pro-
duce radicals, and benzaldehyde has a negative reactivity
since it removes radicals and NOx from the system. In
the list of compounds studied, the aromatic compounds
have the least well understood atmospheric chemical
mechanisms.

The major finding in this study was that the experimen-
tally-measured reactivities showed a high correlation
with the Carter MIR factors, as shown in the second 

figure. Thus, it appears that the photochemical model
used to derive the Carter factors correctly predicts the
relative reactivity, even for compounds with uncertain
mechanisms, such as toluene, p-xylene, and ethylbenzene.

Future Direction
Over 150 experiments were conducted during the course
of the two-year study. The experiments included reactiv-
ity measurements of simple mixtures, of exhaust mix-
tures, and of individual compounds as a function of
temperature. In addition, over 50 experiments were run
to characterize the smog chamber wall conditions and
light intensity. This complete data base will be used to
test the detailed chemistry in photochemical models.
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